are the legal criteria that have been codified by national and state laws, rules, and regulations; judicial decisions; and corporate contracts.
Level of Financial Assurance for Corrective Action or Cleanup
According to the Nuclear Regulatory Commission, financial assurance is required to cover costs associated with any corrective action or cleanup of real or personal property on or off site if a release of a radioactive material occurs during the operative life, closure, stabilization, or institutional control (CRF 10. 61, Subpart E).
Paul Smith provided guidance and a model for how to evaluate the adequacy of finances planned for particular corrective actions and cleanups (1993) . The Nebraska Department of Environmental Quality (NDEQ) converted AEC's application into Smith's model, creating a database that can be utilized to make an assessment of the adequacy of cost estimates for corrective actions and cleanups for three particular eventualities: premature vault failure, flooding, and cancer.
With regard to waste vault failures, AEC assumed there will be no vault failure for the first fifty years. Beyond that period, the estimated cost for vault repair as presented in the application is in table 1. AEC did not indicate or explain how the costs were determined, which is inconsistent with the requirements of the National Environmental Protection Act (Mandelker 1984) . However, it is clear from the information in table 1 that the level of estimated funds needed is inadequate. For example, if the facility were to become operational five years from 1998, eighty years of operations would be eighty-five years from 1998. If inflation, at 4 percent per year, is taken into consideration, and the $13,100,000 for the repair in 2083 of a vault to contain B and C radioactive waste is discounted to the present, it is equal to $467,130 in 1998. It is not credible that a failed B/C vault could be repaired for only $467,130 in 1998; thus, the $13,100,000 is a vast underestimation. That number is even less credible when it is realized that the repair estimate is to include the high cost of relocating the BIC waste to another location. The same lack of credibility exists with respect to the cost of vault repair for class A waste. The estimate for the year 2083 to repair a class A vault is $3,100,000 (table  1) . That would mean the estimated cost for repairing the class A vault in 1998 is only $1 10,542. Not believable! As presented in table 1, AEC assumed that the cost of vault repair remains constant for eighty-four years after year 5 1. This is not credible because inflation will continue. In addition, as the vaults age, the deterioration rate will increase, thereby inducing higher probabilities for vault failure. Thus, each year in the future, repair will be more expensive.
AEC's financial plan further reduced the already inadequate vault repair cost to $26,000 by applying to the inadequate cost figure presented above a percentage probability that full vault repair would not be undertaken at all (NDEQ 1998, 194, table A-4). According to this assumption, AEC needs to plan to provide only $26,000 for use during the period seventy-one to ninety years from the time operations began. Accounting for inflation alone, at 4 percent, ineans the estimate of $26,000 that is to be available for vault repair 85 years from 1998 is $927.13 valued in 1998 dollars. That is not credible! It was assumed, for example, that the chance that AEC would ever repair the B/C waste vault if it failed was 50 percent, or less. The application of such probability coefficients is inconsistent with legal requirements found in Title 194 (NDEQ 1 994) and Title 180 (NHHSS 1994) regarding remedial action as well as health and safety. Failed vaults are to be repaired. A program is to be developed "for the regulation of disposal of low-level radioactive waste based on a zero-release objective" (Neb. Rev. Stat. 8 8 1-1 599).
In addition to the probabilities that LLRW vaults would not be repaired if they fail, the application further reduced the already inadequate estimate of vault repair by not providing for the full cost. The original inadequate estimates are further reduced by the application of the coefficients in table 2. Both Title 194 (NDEQ 1994) and CFR 10.61 clarify that an applicant's cost estimates for corrective action or cleanup are to be sufficient to cover the total cost. Title 194 and CFR 10.6 1 do not allow a .008 proba- 2 ) for remedial action for the period of seventy-one through ninety years. There is a required probability coefficient of 100.0. The cost estimates due to floods suffered the same underestimation of cost and misuse of probability explained with regard to vault failure. In addition, the probability of occurrence for a flood in AEC's financial plan was inconsistent with hydrograph data for the site as provided by AEC to the NDEQ. The facility is to be built in a wetland, which increases' the vault's chances of being flooded, increases its deterioration rate, and increases the probability that any vault repair will need to include the expense of groundwater treatment.
As with vault failure, the financial plan for cancer treatment underestimated cost and applied probability percentages that are not consistent with CFR 10.6 1 and Titles 180 and 194. In addition, the cost estimates were not sufficient to provide cancer care for all patients. It was assumed that the cancer rates will be at the highest industry frequency and that one-third of injured workers will be workers who contract cancer in their lifetime (NDEQ 1998, 194, table A-2) . Yet, because the application assumed a cancer latency period of fifteen years for workers, it was projected that only 80 percent I I of the workers with cancer will file suit (table A-1). It was further assumed that only 25 percent of the 80 percent will receive any financial assistance. That assistance is further limited to an average award of $300,000 throughout the 137-year period, completely ignoring inflation (table A-1). These assumptions are all inconsistent with the requirement for full compensation (NDEQ 1994) .
Adequacy of Financial Assurance for Different Scenarios
According to Title 194, financial assurance must be provided to cover costs associated with (1) all licensed activities to be conducted over the facility's operating life of up to thirty years, (2) facility closure and stabilization of seven years, (3) custodial care activities of a hundred years, and (4) any corrective action or cleanup of real or personal property on or off site if a release of radioactive material occurs during the operating life, the closure/stabil,ization period, or the institutional control period (NDEQ 1994, chapter 6). The purpose of this section is to assess the ability of AEC to meet these requirements through analysis of three possible scenarios of AEC's appli~a t i o n .~
Institutional Control Fund
The first scenario (see table 3) is for the institutional control fund which is also intended to provide funding for the remedial action find. AEC is to make an initial cash deposit of $7,895,000 when the construction loan is finalized at the beginning of the first year (year 0 of column 1). It is to be repaid during the second through the tenth bhancial Assurance Plan for a Low-Level Radioactive Waste Facility years of operation with a disposal fee of $30.63 per cubic foot levied during the first ten years of operation. The levy is to generate funds to (1) repay the initial deposit, (2) transfer $1 1 million to the remedial action h n d at the end of the last year of operation, and (3) generate sufficient funds, when placed at interest to pay the cost of custodial care.
The scenario in table 3 is for thirty years of operation (column 2), with a LLRW stream of 5,000 cubic feet per and an interest rate of 9 percent to repay the $7,895,000. Column 1 contains the years of the process from design to the end of institutional control in year 141, with only selected years presented in table 3. Column 2 indicates the years of operation, coluinn 3 the years of closure and stabilization, and column 4 the years of institutional control. Column 5 is $232,000 (in current dollars) of annual cost shown in the application's worksheets for maintenance during the institutional control period. When adjusted for inflation at 4 percent (as assumed in the application) with the future price index in column 6, the cost for each year is found in column 7. It was to have been paid by the balance in column 10; however, the balance in column 10 is negative for year 1 of institutional controL4
Column 8 is the annual levy of $30.63 for each of the 5,000 cubic feet of LLRW beginning with the first year of operation (column 2) through the tenth year. It is $1 53,150 per year. Column 9 contains the original deposit of $7,895,000 in year 1 of operations. In operating years 2 through 10 are the payments of $1,435,370 per year necessary to reimburse AEC for the original deposit plus interest of 9 percent per annum, the assumed prime rate.'
Coluinn 10 is the sum of columns 8 and 9 plus the appropriate interest received. In the first year of operation, AEC assumed an interest rate of 4.55 percent will be received on the $153,150 in column 8. For years 2 through 10, the interest rate is 2.47 percent because, as the waste is received at the facility throughout the year, an amount equal to only one-half of the $153,150 fee could, on average, be invested for each year. An interest rate of 4.55 is also applied to the $7,895,000 in the first year. The interest rate earned on the balances in column 10 is 5 percent.
As demonstrated in column 10, the h n d for institutional control becomes negative in year 9 of operation. Thus, it is not possible to (1) repay the initial deposit, (2) have funds available for institutional control (pay costs in column 7), or (3) be able to make the $1 1,000,000 deposit to the remedial fund in the final (thirtieth) year of operations. Very early (thirteenth year) in the 142-year scenario, the deficit begins and continues to build to a negative $14,805,600 in the last (thirtieth) operating year and to a negative $23,109,100 in the first year of institutional control.
Remedial Action Fund
The remedial action fund (see table 4) is to be funded by a transfer of $11 million from the institutional control fund in the thirtieth year of operation and by levied Financial Amurance Plan for a Low-Level Radioactive Waste Facility 3 79 disposal fees of $17.8 1 per cubic feet of waste received during the eleventh through the thirtieth years of operation, in order to generate adequate finds for possible remedial action. These two sources are to accumulate and grow with interest to a total of $62,800,000 at the end of the last year (seventh) of closure and continue to accumulate interest through year 14 1 at 5 percent per year.
The remedial scenario is expressed in table 4 under the assumptions of thirty years of operation and LLRW of 5,000 cubic feet per year. The levy of $17.81 for 5,000 cubic feet is $89,050 per year for years 11 through 30 of operations (column 5) with interest received at 2.47 percent per annum. The balance in column 6 receives an interest payment of 5 percent per year. As explained above, the $1 1 million is not available from the institutional control find to be deposited in year 30 of operation. Thus, the $1 1 million increase that would have been expected in that year is not included in column 6. This means that the remedial fund has only $4,245,580 at the end of the seventh year of closure. This is $58,554,420 deficient of the required $62,800,000. That deficiency will continue to grow the entire period through the 141st year of the process.
Facility Closure and Stabilization Fund
The closure and stabilization fund is to be initially funded with $23 million deposited by AEC when the construction loan is finalized in year 0 (column 1, table 5), plus a levied disposal fee of $94.06 per cubic foot of LLRW during the first eleven years of operation. The purpose is to generate sufficient funding for closure and stabilization of the facility after operation. The scenario is found in table 5.
The $470,300 in column 7 of table 5 is the charge levied on the annual waste stream of 5,000 cubic feet at $94.06 per cubic foot. It is added to the original deposit of $23,000,000~ (column 8) for the first year of operation to arrive at the sum in column 9. ' The repayment of the $23 million loan at a prime rate of 9 percent in 10 payments of $4,18 1,300 each during the second through tenth years of operation is found in column 8. It is subtracted from the levied total in column 7 for those years.
Since column 8 is larger than column 7, the balance intended to provide for closure and stabilization begins to decrease in the second year of operation. In the ninth year of operation the fund (column 9) becomes a negative $760,42 1,000. Therefore, it cannot pay off the initial loan and cannot provide expenditures for closure costs, even during the first year of closure (column 3) when the balance in column 9 is a negative $27,079,900.
Column 4 is the application's estimated yearly cost for closing the facility during the seven years of closure. Those estimates are in current dollars, and therefore, are increased by the future price index for a 4 percent inflation rate in column 5 to determine the total cost in column 6. That amount, for example, the cost of $7,914,000 (colurnn 6) in the final (seventh) year of closure, is to be paid from the fund balance, but Assumptions: 30 years of operation; 5000 cubic feet of low-level radioactive waste per year; and 9 percent interest rate.
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that is impossible because the balance is a negative $272,936,000 (column 9) in that year.
Concluding Remarks
AEC's license application does not meet the efficiency criteria with regard to particular corrective actions or the adequacy of funds. The finds would be more inadequate if the years of operation are less than the maximum of thirty years because there would be fewer years to collect levies. Furthermore, it is not possible to compensate for the inadequate revenue by increasing the fee charged per cubic foot because the disposal facility is a monopoly, thus the demand is elastic (a positive marginal revenue) and a price increase would decrease revenue. As Marc R. Tool explained: "Examination permits reflection on the cl-qracter of the consequences and upon their bearing on future events" (1 979,288) . This examination demonstrated that the consequences that could be expected from AEC's financial assurance plan cannot be consistent with established social criteria. Thus, the plan is not efficient.
The application was submitted by AEC's wholly owned subsidiary, U.S. Ecology. The title of the application is "Safety Analysis Report." All 142 years of 17 different scenarios are available upon request from the authors.
Numerous databases and projection studies indicate that the annual LLRW stream to be expected will be less than 5,000, thus making the monetary flow from fees more insufficient than indicated here. AEC allocated 2.47 percent less than what is to be spent because of interest to be earned, and 5 percent is earned on everything not spent. Thus, [-20833 An important note is the fact that, although the $7,895,000 is deposited in year 0 of the scenario, there is no indication in the application of any interest charges or interest eamed for the funds during the first five years prior to facility operation. Given its adverse financial condition, AEC would have to borrow the funds, thus the $7,895 million principal should have been continuousIy reduced each year by an additional annual interest charge of 4 percent (9 percent -5 percent). Had this been done for years 0 through 4, the balan,ce in column 10 would have become deficient earlier than demonstrated in table 3. As with the institutional control knd, the application made no mention 'of interest charges or payments on the deposit in the five years prior to operations. For some unstated reason, AEC did not include interest earnings here. AEC allocated 5 percent less than what is to be spent because of interest to be eamed on everything not spent. The balance in column 9 for year 34 is -$10776.5. Thus [-10776.5 - Financial Assurance Plan for a 
